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AN AVID LOOK AT YESTERDAY'S ELECTRONICS 


TEXT BY ETHAN BLANTON 
PHOTOS BY JAREK ZOLA 
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Le project is a happy accident at the edge of two passions. Ethan, the owner of the 

titular basement, has been collecting, restoring, and preserving classic electronics 
for ages. His passion for teletypes (and other relics) is matched only by his love for 
educating others about them. His basement has become a refuge for many devices 
that otherwise would cease to exist. Ethan is also a fantastic storyteller. If you happen 
to visit The Basement, rest assured that Ethan will enchant you with fascinating details 
behind every single object in there. And you will be able to appreciate that regardless 
of your geekiness level! 


| was able to learn about The Basement simply because Ethan and | work together. 
When | experienced it for the very first time, | immediately realized that the place 
has to be captured and visually preserved for the sheer beauty of its treasures. 
Since my passion is traditional analog film photography, the choice of medium was 
obvious. Photographing a place like The Basement is not an easy task. You have to 
carefully balance your artistic desires with the drive to capture millions of details with 
almost documentary scrutiny. Yet, | feel that, here, the details specifically define the 
artistic charm: an anonymous dangling wire next to the remnants of a teletype that 
screams a warning of potential shock hazard is both a storyteller and an important 
compositional element. 


The choice of subjects to photograph was driven by my visual intuition. And since 
| knew that, for any subject | decided to photograph, Ethan would be able to conjure 
a captivating background narration, | could enjoy the freedom of exploration. We 
decided to capture The Basement without any staging, directly as it is, with its harsh 
lights and dust. 


This zine brings together the resulting photographs and Ethan’s short tales 
highlighting the significance of each subject, often including a personal backstory. 


Please enjoy! 


Jaric Zola 
Buffalo, NY, 2024 


12 volume is a labor of love on many levels. Love of electronics, love of art, love of 

gadgets, love of history, love of computing, and love of sharing. | am immensely 
proud of what we have created, and it would never have happened without the energy 
and vision of Jarek and his penetrating ability to See Things that others overlook. 
To me, my basement is a place of storage, and the shelves and stacks of equipment 
are a cluttered mess that is necessary but unfortunate in its squalor. | am more likely 
to curse a piece of equipment for being in my way when attempting to use or repair 
something else than | am to appreciate it for its form. To Jarek, it is a collection of 
compelling and even arresting frames waiting to be captured. 


| love the devices pictured in these pages for their function and for their place 
in history. | appreciate their design, and sometimes even their beauty, but it is 
frequently not the first thing | notice. Showing Jarek my collections for the first 
time was a rewarding experience, because he was just as excited as | was (and 
remain) about the potential in the items that | have gathered. For him, however, 
the potential is not only in their operation but in their basic form. Where | see a rack 
of minicomputer components, he sees a statement of industrial design — and when 
he captures it in his lens, | too can see that statement and be moved by its feeling. 
Sharing my collection with Jarek has allowed me to see it in new ways. 


The production of these photographs was quite an experience, as well. Jarek insisted 
on capturing the truth of the environment, refusing to let me so much as dust the 
tops of the items being photographed. (| did sneak a few cobwebs out of frame 
while he was setting up, here and there.) Using nothing but my work lights and the 
bare overhead bulbs of an unfinished basement, he would set up his equipment and 
exclaim over what he was seeing through his viewfinder, whispering sweet nothings to 
a computer or a Teletype that particularly pleased his eye on more than one occasion. 


| hope you find this collection as enjoyable to view as | did to see it come together. 


Ethan Blanton (KB8OJH) 
Buffalo, NY, 2024 
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The Commodore 128, or C128, is the successor to the wildly 
popular Commodore 64. It is C64-compatible and will run 
all C64 software, but it can also run in a faster 128 mode that 
has access to twice as much memory, higher resolution text 
modes, and double-sided floppy disk support. Interestingly, 
it has a second Z80 CPU capable of running the popular 
CP/M operating system (the C64-mode CPU is a MOS 6502- 
compatible MOS 8502). It was available in three form factors: 
one all-in-one, like a C64 or Apple //e, and two desktops. 
This is the cost-reduced metal chassis desktop version for the 
North American market. The other desktop model mounts 
the keyboard under the chassis when not in use. 

The IBM PC 5150 is the eponymous Personal 
Computer that started it all. It has an Intel 8088 processor 
with a maximum of 640 kB of RAM, high quality text modes, 
and rather primitive graphics and sound capabilities. This 
example has dual 320 kB 5%-inch floppy disk drives, and has 
been retro-fitted with an XT-IDE hard disk interface to give 
it Compact Flash-based “hard drive” storage. The Model F 
keyboard sitting on top of the monitor is a joy to type on, but 
has not yet quite adopted the standard ANSI (or ISO, for that 
matter) layout, so some keys are not where one might expect. 


| got the Commodore from a fellow 
amateur radio operator at a local hamfest 
here in Western New York. The PC also 
has a ham radio connection; it came from 
a local ham radio club in the 1990s. We 
had set it up to operate as a Packet Radio 
BBS running Phil Karn's KA9Q NOS, but 
a different machine ultimately wound up 
installed at that location. It is now running 
PC-DOS 3.3. 


An amateur radio thread is woven through 
many of the items in my collection, 
whether they are computer or radio 
artifacts. My intertwined loves of ham 
radio, hobby electronics, and digital 
computers all began in roughly my 
middle school years and trade places 
at the forefront of my hobby activities 
over time. 
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Right: Commodore 128 DCR with 1084 RGB/Composite monitor 
Left: IBM Personal Computer Model 5150 with IBM CGA monitor 
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The disk packs on the right are standing on 


a wire frame designed for disk pack storage. 


Each pack contains a 14-inch aluminum platter 
and stores about 5 MB of data. Once mounted, 
the 14-inch platter spins at 2400 RPM and has 
a data transfer rate of about half a megabyte per 
second, although head seek times and rotational 
latencies are large — up to about 100 ms of seek 
time and 25 ms rotational latency, worst-case. 

The standing packs contain everything 
from various operating systems (RT-11, RSX-11M, 
and Version 6 Unix) to application source code 
to experimental data from their previous life in 
a university research lab. The packs laying down 
on the left have unknown contents. 


| have not attempted to mount 
and examine the lasttwo packs 
on the left in this image, which 
were acquired in a different 
lot from the others. Mounting 
a used pack is always a stressful 
experience, because even the 
slightest bit of dust or debris 
on the disk surface or inside 
the cartridge could lead to 
a disk-destroying and drive- 
endangering head crash. 
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Row of 5-megabyte removable hard disk packs 
for a DEC RLO1 drive unit 
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This Teletype Model 35 ASR is a computer terminal 
intended for 24/7 operation with multi-month 
maintenance __ intervals. Model 35s would have 
been used as the console for large mainframe or 
minicomputer installations -— this particular unit 
serviced a Hewlett-Packard computer, as evidenced 
by an HP part number under the cover — and may 
have been joined by the then-ubiquitous part-time 
light-duty Model 33 for user terminals. 

This terminal is 110 baud (10 characters per 
second!), uses the 1963 ASCII character set, prints 
on fan-fold tractor-feed paper, and includes a paper 
tape punch and reader. The Model 35 is a heavy- 
duty terminal based on the Model 28 (first released in 
1951 for military use and using a 5-bit ITA-2 alphabet), 
modified for 7-bit ASCIl operation. That heritage 
means that it is entirely mechanical, using no electronics 
for either encoding or decoding serial data. It is upper- 
case only, although incoming lower-case letters print 
as their upper-case equivalents. The floor-standing 
cabinet is the size of a moderate computer desk and 
weighs over 200 pounds. 


bought this Teletype at Fair Radio 
in Lima, Ohio. | was headed down to 
Ohio for Hamvention in Dayton, and, 
he day before | left, a friend of mine, 
Nick England of navy-radio.com, sent an 
email to a Teletype aficionados mailing 
ist saying he’d found a Model 35 in 
Lima. | immediately called Fair Radio to 
express my interest, and the gentleman 
on the phone said “| have someone here 
already looking at it.” | don’t recall exactly 
how it resolved, but we figured out the 


“someone” looking at it was Nick, and 


the next thing | knew | heard Nick in the 
background telling him | was a solid buyer 
and he should sell it to me. | had to get 
dimensions and do some quick sleuthing 
to figure out if it would fit in my car, but 
after determining that it would, | picked it 
up the next day on my way to Dayton. 
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The TRS-80 Model 4 is an all-in-one computer 
from Tandy/Radio Shack with a Z80 CPU and 
a high-resolution (80x24) text display capable 
of running a variety of disk operating systems or 
programs from audio cassette. This unit was 
originally sold with 16kB of RAM and no disk 
drives, but a previous owner fitted additional 
RAM and the single half-height 5%-inch floppy 
drive visible here. Radio Shack shipped Model 4s 
with the TRSDOS operating system, but multiple 
operating systems, including the ubiquitous 
CP/M, were supported on this computer. 

In the background, you can see 
a Tektronix digital/analog oscilloscope and some 
multimeters. In the top right is a Simpson 260 
analog volt-ohm meter, a capable piece of test 
equipment that is in current production and has 
been for several decades. 


| was suckered into buying 
this TRS-80 by a friend who 
knows well my weaknesses. 
Buying it meant breaking into 
a new line of computers for 
me - always a dangerous 
proposition - but | absolutely 
have plans for it now. 


My other Tandy computers 
include a  TRS-80 Color 
Computer, which, despite the 
similar name, is completely 
unrelated to this Model 4 in 
every possible way, andsome 
PC-compatible portables. 
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TRS-80 Model 4 


chips on 
cCanker desk 


This white box is full of ICs from the 1980s, and the chips 
piled around the box came out of it. The large devices 
laid out in rows in front of the box are CPUs and CPU 
support chips. The largest device, center front, is a 16-bit 
Motorola 68000 (found in the original Macintosh, many early 
Unix workstations, and the Sega Genesis game console). 
Behind it are several 8-bit 8085s, both Intel and second 
source, a 16-bit Intel 8088 (found in the IBM PC and all 
of its clones), and one half of a 16-bit DEC LSI-11 (a two- 
chip implementation of the PDP-11). To the sides are 8-bit 
Motorola 6809 (TRS-80 Color Computer, Vectrex), Zilog Z80 
(Sinclair ZX machines, Commodore 128, Osborne 1, many, 
many CP/M machines), and Intel 8080 (Sega Master System, 
many CP/M machines) and compatible chips, as well as 
various UARTs and other I/O support chips. To the right of 
the box are piles of RAM and ROM chips and other, stranger 
devices, such as ADCs and DACs. 

The simplicity of early microcomputers is such that 
one of these CPU chips plus a support chip or two forms 
the majority of the cost and complexity of a machine. The 
remaining proliferation of chips in an ‘80s microcomputer is 
memory, both RAM and ROM (dynamic RAM, in particular, 
used many chips for small amounts of storage), and “glue 
logic.” If the computer supported direct drive of a monitor 
(the earliest computers did not), video circuitry would often 
be of similar complexity to the rest of the machine. 


The single-pedestal tanker desk 
standing under these ICs came 
from a university surplus store in 
Northern Indiana. The chips are 
another hamfest find from Western 
New York. | was pawing through 
the box, finding interesting chips 
left and right, and the seller asked 
if | just wanted to buy the whole 
box. | didn’t anticipate that being 
a financially viable option, but he 
made an offer | couldn't refuse. 
| understand from the seller these 
chips are all pulled from boards 
that were being scrapped in the 
‘80s and '90s. | hope to give them 
another life building or repairing 
small microcomputers. 
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Various CPUs and support chips on 
a very messy Steelcase tanker desk 


osborne 


The Osborne 1 was the first widely-successful portable 
computer. Released in 1981, it is a Z80-based computer 
with 64kB of RAM and a tiny, 5-inch CRT display showing 
only 24 lines of 52 characters of text at a time. It is designed 
to run CP/M off its dual double-density 180 kB floppy disk 
drives (the original Osborne 1 had single-density 90 kB disks, 
but a double density modification was released by Osborne 
within a year), and it is surprisingly pleasant to use. It contains 
no batteries and is normally plugged into a wall outlet 
during use, but the small port at the bottom right above 


the keyboard can be used to attach an external battery pack. 


This is the third system designed for — or capable of running - 
CP/M in this series; all of them are wildly different in design, 
implementation, and specific capabilities, but they can run 
compatible software to a significant degree. 

The Osborne1 is famous for the eponymous 
“Osborne Effect.” The Osborne Computer Corporation 
announced the successor to the Osborne 1, the Osborne 
Executive, too early and too well. Too many customers and 
resellers decided to wait for the Executive, leaving thousands 
of Osborne 1 computers languishing in warehouses. Due to 
this and other management mistakes, the company went into 
bankruptcy shortly thereafter and never really recovered. 

In the background to the left is an Apple iMac G4, 
affectionately known as the “desk lamp.” 


| have used this Osborne 1 many 
times at coffee shops and other 
locations out-and-about. It often 
attracts curious passers-by who 
want to know what it is and 
why I'm using it! An interesting 
property of CP/M is that many 
programs will run on most 
CP/M computers regardless of 
manufacturer (which was very 
unusual at that time), and | have 
used both the O1 and the C128 
to develop the same program 
off the same disks (in Intel 8080 
assembly using the supplied 
assembler, of course!). 
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Osborne 1 portable computer 
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The PDP-11 needs no introduction to computer 
history buffs. It was the most popular minicomputer of 
its era, and its influence stretches to the present day. 
The C programming language and the Unix we 
know were begat on the PDP-11, and its immediate 
architectural successor, the VAX, defined expectations 
for virtual memory and 32-bit architectures that 
persist still. The 11/34A in this photo was a later model 
that had lost the iconic “blinkenlights” front panel of 
earlier minicomputers in favor of a “calculator-style” 
programmer's console. 

This machine has 128 kw (kilowords; 256 kB) 
of RAM, a floating point processor, several serial 
terminal interfaces, and both floppy and hard disk 
controllers. Below the system unit is an RX02 
dual 8-inch floppy drive, which accepts two 500 kB 
floppy disks in a unique hybrid format with single- 
density headers and double-density data in each 
sector. An RLO1 removable-cartridge hard disk drive 
(cartridges for this drive are the subject of an earlier 
photo) is mounted directly above the system unit just 
on the edge of the frame, and another PDP-11/34A is 
visible in the background on the right. 


These PDP-11s have quite a story coming 
to live with me. | found them on the Internet 
for sale in the Detroit area; they were 
being soldin alot thatincluded many serial 
terminals, disk drives, disk packs, and other 
peripheral hardware. | wound up renting 
a 16-(or 20-?) foot box truck, driving all day 
to fetch the lot, and returning with a truck 
absolutely full of minicomputer hardware. 
| was fortunate that my father was willing to 
come along for the ride and help out. 


The last person to operate these machines 
had completely disassembled them 
(every card was removed from every 
slot, and every cable disconnected from 
every port), so getting the first one back 
into operational configuration was quite 
a learning experience. 
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Left: PDP-11/34A system, RLO1 removable hard disk, and RX02 floppy drive 
Background: Another PDP-11/34A system 
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In the foreground is another PDP-11/34A, this time with an operator 
console that is another step farther from blinkenlights: it does not 
even include the keypad and octal display of the programmer's 
console on the unit to the left. The stickers on this unit are original 
to the last operator, and admonish the user to appropriately load 
and unload the hard drive unit (visible upper left) before using the 
computer. This prevents head crashes which would destroy the 
disk pack and incur maintenance on the drive unit. The backplane 
in this particular system unit has an as-yet undiagnosed fault, and 
it will not boot when a CPU is installed. 

The RLO1 drive unit at the upper left accepts the 
removable disk packs that are the subject of an earlier photo in 
this series. It is top-loading, and — because it may be between 
other devices in a rack - is mounted on sliders such that it pulls 
forward and out of the rack, where it can be opened to mount a disk 
pack. The four square items on the bottom right of its front panel 


are indicators, and the leftmost indicator is additionally a button. 


The button controls (and indicates) whether the drive is spinning 
and ready for operation or not, and is the subject of the stickers 
on the CPU unit. The indicator to the right of the button, sporting 
a large numeral 1, is the drive identifier; the associated controller 
will accept up to four drives, and plastic teeth on the back of that 
indicator cover determine the ID of the drive unit. In a very neat 
and intuitive configuration decision, swapping the indicator cover 
for a different number changes the ID of the drive. 

The Bondwell portable at the bottom left is a cheap IBM 
PC-compatible with dual 720kB double-density 32-inch floppy 
drives and an LCD CGA-compatible (but limited to gray and 
darker gray “colors”) display. A box of disks for the Bondwell is 
sitting on top of it. 


This 11/34A system unit in the 
foreground is the third 11/34A 
| have attempted to restore 
and the first chassis | have 
as yet been unable to take 
through a full CPU diagnostic. 
The chassis in the background 
had a power supply fault in the 
power monitoring circuit, and 
| wound up swapping that PCB 
between these system units to 
get one fully working unit out of 
two partially defective ones. 
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Right: PDP-11/34A system 
Left (top to bottom): RLO1 hard disk drive, 
PDP-11/34A system, Bondwell portable PC-compatible 
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This is a collection of ham radio gear dating from 
the late 1950s through early 1970s. The Johnson 
Matchbox is a balanced-line antenna tuner capable 
of tuning a kilowatt of AM carrier, or about 4kW 
of total power. The Central Electronics equipment 
is designed to operate with a series of very early 
single-sideband transmitter equipment from CE 
(the 10-A and 20-A). The sideband slicer is an 
interesting piece of kit that turns a (then-standard) 
AM receiver into a single-sideband receiver capable 
of either upper or lower sideband reception. The 
TR-4 and RV-4 are the newest radios here, dating 
to the beginning of the 1970s. The TR-4 is 
a CW/AM/SSB transceiver capable of operating on 
the 10-, 15-, 20-, 40-, and 80-meter bands as they 
were defined in the 1960s and early 1970s. 


This equipment represents many years 
of hunting and collection. The CE 
equipment was variously purchased 
at hamfests or from a good friend 
of mine, Larry Yaw (W9AMR), who first 
introduced me to Central Electronics 
and their fascinating radios. The TR-4 is 
from a hamfest in South Bend, Indiana, 
and represents part of a fairly large 
collection of RL Drake radios that | have 
gathered over the years, due to a family 
connection - my brother works as 
an engineer for Drake (which is no 
longer in the amateur radio business). 
The Johnson Matchbox was a lucky 
hamfest find somewhere in Indiana, 
and | picked it up due to Larry's love of 
Johnson antenna tuners. His opinion is 
justified; it has served me well. 
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Top left to center: Central Electronics 458 VFO, sideband slicer, and RF analyzer 
Top right: Drake TR-4 ham radio HF transceiver with RV-4 remote VFO 

Bottom right: Johnson Viking Kilowatt Matchbox antenna tuner 

Left: Steelcase filing cabinet 


heathkit 


This oscilloscope is from the mid-1950s. While it 
is rather incapable by modern standards (it doesn’t 
even have controlled-impedance inputs!), at the time 
it was a real investment for an amateur electronics 
hobbyist, costing the inflation-adjusted equivalent of 
about $750. Its vertical deflection was specified as 
+1.5 dB to -5 dB from 3 Hz to 5 MHz (or 3 cps to 5 mc, 
as it was styled at that time), which would take a radio 
amateur through the intermediate frequency stages 
of many radios. The probe for this oscilloscope is 
draped over the top of the unit and hangs down on 
its right side. 

Just visible on the right is a paper rewinder 
for a floor-standing Teletype Model 28 KSR. Its 
purpose is to gather and spool the paper as it 
prints through the Teletype, to prevent it from simply 
wadding up on the floor behind the machine. 


This oscilloscope came from the 
collection of a friend of mine, 
Ivan Snow (WAYDTV, SK), who 
has since passed away. At some 
point in his amateur hobbies, 
he declared that he was done 
with tube-type equipment, so he 
cleared out a host of old gear, 
some of which he gave to me 
or | purchased from him. | have 
not powered this scope on, as 
it was stored in an outbuilding 
for some time and_ requires 
restoration work to be usable. 
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Left: Early Heathkit O-10 oscilloscope 
Right: Teletype Model 28 paper rewinder 
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The Cushman CE-4 is an FM communications 
monitor for aligning and maintaining FM radio 
transceivers. It contains an oscillator capable 
of generating signals from 10 kHz to 1 GHz and 
a receiver to receive those frequencies, as well 
as an audio tone generator, frequency error 
meter, and oscilloscope. In combination, these 
tools allow the CE-4 to serve as a versatile 
piece of test equipment for radio maintenance. 
This particular CE-4 has a desirable receiver unit 
in the top right plug-in capable of sideband 
operation that makes this unit more valuable for 
amateur service. 

The control panel behind the CE-4 is 
from an unknown CNC machine of some kind. 
It mounts a keyboard under a_ dust-and- 
chip cover along with a variety of controls 
for speeds, feeds, and other machine tool 
configuration parameters. 


| have used this CE-4 to test and 
align many HF radios and to 
test many VHF radios. It came 
to me from Larry Yaw (W9AMR) 
by way of a mutual friend, 
spending many years on_ his 
bench prior to occupying mine. 
Some years later, | found another 
non-working unit for a bargain 
price at a hamfest that contains 
a flexible audio tone generator, 
which | some day hope to port 
to this chassis. The CNC control 
panel is a random find at Dayton 
Hamvention that | just couldn't 
pass up. Does your keyboard 
have speeds and feeds? 
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Left: Cushman CE-4 Communications Monitor 
Right: Unidentified CNC control panel 
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The Drake 2-B is an all-band (10-80 meters, as allocated to 
US amateurs in the early 1960s) receiver for AM, CW, and 
Single Sideband. When coupled with the 2-BO QO-multiplier, 
it is a very capable receiver. It is of all-tube construction, 
using a vacuum tube even for power rectification, and has 
a beautiful copper-plated chassis. The CE 200-V is an AM, 
CW, FSK, and SSB transmitter from a similar era and is of 
primarily tube construction with only a handful of solid-state 
diodes. The heavily perforated top covers on both units owe 
to the fact that their vacuum-tube circuits require significant 
heat dissipation. 

Note the tiny CRT on the CE 200-V transmitter; 
it is used to monitor the audio and RF stages for linearity 
and proper operation. During normal operation, it should 
show a roughly triangular figure that grows and shrinks 
with the volume of the operator's voice. If it becomes 
substantially trapezoidal or starts to lose the points of the 
triangle, the signal being transmitted is distorted and the 
radio or antenna system requires adjustment. Unusually for 
a transmitter of the early 1960s, the power tubes at the 
output of the transmitter do not require any tuning during 
normal operation, as long as an antenna with appropriate 
impedance match was used. 


This Drake 2-B was a hamfest find, 
although | no longer recall the details. 
The CE 200-V | found one year as | was 
walking out of the Dayton Hamvention 
to go home. The gentleman who was 
selling it had apparently been there all 
day, but the radio must not have been 
out or visible, as it was in gorgeous 
condition and priced very competitively. 
| immediately changed my departure 
plans to include hauling it out to the car. 
Those who attend hamfests or computer 
shows with me learn to expect possible 
delays to accommodate moving or 
packing large, heavy items. 


These two radios have served as my 
primary HF station for many years. 
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Top: RL Drake 2-B receiver 
Bottom: Central Electronics 200-V transmitter 


shelves 


On the top shelf fully visible in this photo are the backs of 
the Central Electronics equipment from another photo in this 
series. At the top left is an Electro-Voice Cardax Model 950 
microphone from the 1940s. On the next shelf down, the rear 
of the Johnson Matchbox from that same photo is visible on 
the left, and beside it isa Drake TR-3 and RV-3 — predecessor 
to the TR-4 from a previous photo. 

The boxes, bins, and various other storage 
contain electronic components, cables, power supplies, 
and all manner of devices and components for servicing, 
maintaining, and using vintage radio equipment. Some of 
the items are homebrew, like the small rectangular box on 
the far right of the top fully-visible shelf. A few of the items 
are even modern: at the very top of the frame are several 
spools of surface-mount capacitors and resistors! 

That shelving unit weighs hundreds of pounds; the 
bottom shelf is packed with vintage high-voltage power 
supplies, some containing individual transformers that weigh 
20 or more pounds alone. The storage visible in these 
photos must accommodate electronic items which weigh 
considerably more than their modern counterparts, owing in 
large part to heavy linear power supply transformers and the 
chassis materials suitable for mounting them. 


The E-V Cardax 950 microphone 
here is the mic that | normally 
use with the CE 200-V transmitter. 
early the entire station is visible 
here: Drake 2-B and 2-BO, CE 200-V, 
Johnson Kilowatt Matchbox, and 
E-V Cardax 950. For RTTY reception, 
| also wire a HAL terminal interface 
between the 2-B and 2-BO, and take 
hat overto afloor-standing Teletype 
odel 28 KSR. The whole kit and 
caboodle sits on a Steelcase desk, 
and l’d guess the operating station 
grosses 300 or 400 pounds. 
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Shelves, home to a variety of mostly amateur radio equipment 
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These are Teletype Model 28 keyboard-send-receive 
(KSR) units that send and receive 5-bit ITA-2 teletype 
signals. This code was used from the 1930s through 
the 1980s for both military and commercial purposes 
(including the TWX and Telex systems, the Associated 
Press, and Naval bulletins). These particular units are US 
Navy models, and are the worse for the wear. 

The Model 28 series was first delivered to 
the US Navy in 1951, and its development predated 
practical usability of the transistor for electronic 
devices. It is therefore entirely electro-mechanical, 
using a synchronous motor as a timebase and encoding 
and decoding serial signals by way of cams, levers, 
springs, and wheels. Designed for hard duty on 
warships and aircraft, the Model 28 line is capable of 
continuous operation for long periods of time with very 
little maintenance. 

This particular configuration is known 
informally as a “skintight,” because its metal cabinet 
is just large enough to contain the inner apparatus. 
Many other configurations have larger cabinets to 
contain noise dampening or auxiliary equipment. Some 
cabinets are floor-standing or wall-mount configurations, 
the former of which is much larger than the operational 
portion of the Teletype. 


The units were given to me by Bill 
Strangfeld (W8FIX) because | was 
looking for a smaller Teletype unit 
to put in my office to share with 
students (I currently have a floor- 
standing Model 28 KSR by my office 
door). They are dirty and have 
some cosmetic deficiencies, but 
they are in reasonable mechanical 
shape. As you can see, the typing 
unit - which in modern terminology 
would be called a printer - visible 
on the left (above the mess of keys) 
has been cleaned, but the keyboard 
needs significant work before it 
would be operational. 
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SKINTIGHT No. 


Left: Teletype Model 28 "skintight" KSR, partially disassembled 
Right: Teletype Model 28 "skintight" KSR 


sSkINtight 
no. CWO 


This Teletype Model 28 is installed in its cabinet, 
with Navy regalia. A small plaque indicates that 
it was also known as a TI-176C/UG. Note the 
round, widely-spaced keys on the keyboard, and 
the lack of number row (the eight keys on the 
top row are function keys, performing various 
local or remote operations such as feeding 
paper or disconnecting the communication line; 
compare to the Model 35 ASR in plate 03, which 
has a number row). The ITA-2 code used by 
this Teletype sends only five bits per character, 
enough for only 32 unique symbols. It therefore 
sends special shift characters to select either 
letters or “figures” (including numbers and 
a variety of punctuation), which are then sent 
by the same keys: Q sends 1, W sends 2, etc. 
As mentioned in a previous photo description, 
this design was modified into the Model 35 
terminal by extending the character bit length to 
seven bits, thereby expanding its character set. 


The inside of this KSR is in similar 
condition to the unit in the 
previous photo. Both of them 
were stored somewhere less 
than fully out of the weather, 
and have had living occupants 
at some point in their history. 
| chose to begin restoration with 
the other unit because it was 
in somewhat more promising 
condition (although | forget how, 
or why, at this point). These are 
very robust devices, and | expect 
to be able to make one or both 
fully operational. 
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Teletype Model 28 "skintight" KSR 


calculator 


This is a four-function motor-driven mechanical 
calculator from the mid-1950s. It is capable 
of “automatic division,” although without an 


operator's manual it is not clear what that entails. 


Automatic multiplication uses a combination of 
the traditional ten-key keypad in the center 
and the row of digits 0-9 at the bottom. 


This particular unit has a current leak 
between the motor winding and the 
motor casing. As the motor runs on 
120 VAC, this means that operating it 
can be a shocking experience. When 
| bought it online, | didn’t realize quite 
how large and heavy it is - its footprint 
is much larger than a sheet of paper, 
and it weighs accordingly! When | saw 
the photo, | had naively assumed that 
the keypad was perhaps the size of the 
keypad on a touch-tone telephone; it is 
in fact more like the size of the number 
pad ona standard computer keyboard. 


l 4YOLVINO1WV) 


Remington Rand Model 99 mechanical calculator 


CYypINg Unit 
and radio 


The Teletype parts on the upper shelf are from the 
Model 28 series: a typing unit for a 28 RO/KSR/ASR 
and a paper tape punch for an LPR. The typing 
unit is a relatively undesirable tractor feed type that 
requires 8.5-inch tractor feed paper. Unlike the 
more common fan-fold tractor feed paper used by 
computer printers in the 1980s and 1990s, which 
had an 8.5-inch page with a 9.5-inch total width 
for half-inch margins containing the feed holes, this 
feed uses 8.5-inch total width paper, inclusive of 
the feed holes. These Teletype assemblies are 
parts units that either do not work correctly or have 
undesirable configurations. 

The RCA AM receiver on the bottom is an 
early 20th-century (1920s?) console unit. 


As you can see, Teletype hardware 
features heavily in The Basement. | am 
utterly beguiled by their mechanical 
ingenuity and practical reliability; this 
is a device with the complexity and 
precision of a watch, doing digital 
communications without the benefit 
of any electronics whatsoever. These 
particular Teletype units are, | believe, 
both from Nick England, and were either 
gifted to me or sold for a ludicrously 
small amount of money to be used as 
parts units for bringing some of my other 
Model 28 gear online. 


| bought the RCA receiver at an antique 
wireless society auction, along with 
a tapestry-front speaker that is not 
pictured here. 
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Top, left to right: Teletype Model 28 typing unit and printing tape punch 
Bottom: RCA AM radio receiver 
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The Basement sometimes spills over to the office... 


cCektronix 
with jarek 


This is a Tektronix 4010 graphics terminal from the early 1970s. 
It is capable of drawing a perfectly straight line between any 
two points on a notional 1024x1024 grid (not all of which is 
visible on-screen) to produce graphic images. Its CRT display 
is a special storage tube which retains the images drawn on it 
until explicitly erased, causing it to operate somewhat like an 
Etch-a-Sketch; graphics are stroked onto the screen one line at 
a time, and then the entire screen is erased all at once. 

It is also capable of displaying text, using the same 
early all-caps ASCII encoding as the Model 35 seen previously. 
Text is drawn as individual points on the aforementioned grid, 
and, like the graphics, characters can be erased only by erasing 
the entire screen. This limitation is inherent to the storage 
tube technology, which is what lets this terminal have such 
a high resolution at a time when the otherwise-required megabit 
of memory would have cost more than the entire terminal 
(and possibly the computer to which it was attached). 

The pedestal under the keyboard and display contains 
the electronics that drive the terminal, which consist of two 
or three analog boards and several discrete logic boards 
implementing the decoding of the incoming ASCII data into 
characters and graphics commands, as well as a discrete logic 
serial interface. 


This terminal came with the PDP-11s 
photographed elsewhere in_ this 
volume, and is one of my more prized 
devices. It contains an experimental 
Tektronix interface board, for which 
| have a draft manual in a three-ring 
brad folder, implementing some 
extended functionality that later 
become a part of the 4012 and 4014 
graphics terminals that succeeded 
the 4010. | cannot say whether the 
development of the functionality 
provided by this experimental board 
was originally performed for those 
terminals or for the extension board 
in this terminal, but it is nonetheless 
a fascinating piece of history. 
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Tektronix 4010 vector graphic terminal 


cCeletype 
no. two 


This Model 28 KSR is in the same product 
line as most of the other Teletypes pictured in 
this collection. This particular unit appears to 
have been used in TWX service, which was an 
AT&T response to the European Telex network. 
It originally had a station ID of "GTM CDRVILLE,” 
which | assume refers to Cedarville, Ohio due to 
this unit's provenance in Southwestern Ohio. 

On the bottom shelf of the bookcase, 
a HAL 5000 terminal unit is visible. This terminal 
unit converts audio tones at 45.45 baud into 
60mA current loop signals for decoding by 
the Teletype, and vice versa. It was designed 
for use in Radioteletype (RTTY) service on the 
Amateur bands. 

To the left of this image on the top 
shelf are a thick, rivet-bound volume of Teletype 
Model 15 manuals and a single type ball for an 
IBM Selectric typewriter. 


This is the first Teletype unit that | acquired, 
sold to me by Bill Strangfeld (W8FIX). Bill gave 
me a huge amount of advice and assistance 
getting it running and on the air. 


You may notice that these last few photos 
are not in the titular basement, but an office 
setting; this is my office on the university 
campus where | teach. Not only is it difficult 
o keep all of my gear accessible in The 
Basement, it has avery limited audience in that 
ocation. By rotating equipment through my 
office, | can share it with college students who 
may otherwise not get a chance to experience 
his kind of history. 


This Teletype is a particular joy to demonstrate 
© young people, as its art deco styling, 
Steampunk inner workings, and rich sounds 
and smells (mostly the oil used for lubrication) 
during operation make an irresistible package. 
Students react with awe and wonder to its 
machinations, and more than one jaw has 
dropped wide open in astonishment to 
see it merrily typing away with no operator 
on the keys. 
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TELETYPE NO. 
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Teletype Model 28 KSR 


adding 
machines 


Two mechanical calculators sit in the foreground. Both 
devices are manually lever-operated (the lever for the 
Remington Rand ten-key is clearly visible at the center 
of the image), but their design is separated in time by 
several decades. The Burroughs adding machine on the 
right has an early keyboard interface with one button 
for every possible value in each digit position, while the 
Remington Rand on the left has a later ten-key style 
input. Both devices are capable only of addition and 
subtraction without additional operator effort, and both 
are laid out for the keeping of financial accounts. (Note 
the division on both machines of digits into the usual 
thousands groups of three with two digits on the end for 
cents, visible in the keyboard coloring on the Burroughs 
and the place dots on the bail over the paper on the 
Remington Rand.) 

In the background sit a 1980s HP logic analyzer 
and Tektronix portable oscilloscope that, together 
with two Apple Silicon computers in between the 
calculators and test equipment, create a technology 
spread spanning about a century. 


This Burroughs adding machine 
was given to me by Larry Yaw 
(W9AMR), who found it at a garage 
sale and knew | had to have it. The 
Remington Rand came a few years 
later, when | found it at Goodwill 
in an online auction. The logic 
analyzer is from eBay, to help me 
debug a homebrew microcomputer 
project, and the oscilloscope came 
from an amateur radio manufacturer 
that auctioned off their equipment 
after getting out of the ham 
business and being sold to a larger 
telecommunications company. 
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Left: Remington Rand ten-key adding machine 
Right: Burroughs full-keyboard adding machine 


handvooks 


The two books in the foreground are the complete processor 
manual for the entire PDP-11 Unibus processor line and an 
overview of the VAX hardware line as of 1986. Note the warm, ‘60s- 
and '70s-style typesetting and layout of the PDP-11 manual cover, 
in contrast to the more clinical and businesslike VAX handbook 
from the 1980s. The round and friendly Bauhaus-inspired typeface 
was abandoned for a boring newspaper face. 

The PDP-11 Processor Handbook is remarkable in that it 
describes the entire processor and bus programming architecture 
at the instruction level in a thin volume similar in size to a paperback 
novel. In these few hundred pages of surprisingly clear text, the 
PDP-11 is reduced to its essential elements for the programmer. 

The PiDP-11 in the background is a 2/3 scale reproduction 
of the PDP-11/70 programmer's console, designed and produced 
by Oscar Vermeulen of Obsolescence Guaranteed. It provides 
a period-correct display and tactile interface for the bootstrap and 
debugging of a PDP-11/70, with the processor and peripherals 
implemented in simulation by Bob Supnik’s SIMH_ historical 
computer simulator. Contrast this control-rich interface with the 
simpler calculator-style panel on the PDP-11/34A computers earlier 
in this book. 

In the back right is a Soviet “Felix” pin-wheel mechanical 
calculator, named after Felix Dzerzhinsky, founder of the KGB, 
but designed by Willgodt Odhner before being appropriated 
and nationalized by the Soviet Union. This particular unit was 
built in Kursk at the imaginatively named “Schyotmash Factory,” 
or “Calculator Factory” in English. 


The PDP-11 handbook came with 
the PDP-11s and terminals visible 
elsewhere in this volume, and the 
VAX handbook was gifted to me by 
a coworker. | purchased and built 
the PiDP-11 as a kit, and it serves 
as an entertaining blinkenlights 
desk display. 


The calculator was procured for me 
from a local marketplace website 
in Tyumen, Russia by my brother- 
in-law, who shares my interest in 
computational devices but not my 
desire to acquire them. 


HANDBOOKS T 27 


Aacdware Hand 
iene 


vax 
Votoms 


Foreground: PDP-11 Processor Handbook, VAX Hardware Handbook 
Background center: PiDP-11 reproduction PDP-11/70 console simulator 
Background right: Soviet "Felix" adding machine 


exCcUursuUs 


This beautiful example of 1960s equipment is a frequency counter 
and general-purpose counter-timer. It has an internal oscillator and 
two external inputs, and can perform various counting-related tasks 
on the pulses measured between those three sources. Its output is 
a nine-digit Nixie tube display, although the internal electronics are all 
solid-state. 


This is my second TSI counter-timer; | bought this one at Dayton 
Hamvention because | enjoyed the first so much. This one 
unfortunately is not fully functional, but some day I'll get it working. It 
uses germanium transistors, which have become hard to get, but it is 
fully discrete and contains no integrated circuits or custom devices. 


| was fortunate that the first of the PDP-11/34As that | ever attempted 
to restore had a working, normally-configured backplane. At that 
time | was a complete beginner regarding PDP-11s and their Unibus 
architecture, and | had an enormous amount of information to 
absorb. A badly-configured or defective backplane would almost 
certainly have made for a difficult experience. Some diagnostics and 
programs would not boot or did not run properly, however, which 
ultimately turned out to be due to a missing wire-wrap jumper on 
the “non-processor grant” (DMA) line. After restoring that jumper, all 
diagnostics passed and full functionality was achieved! 


The T-shirt that | am wearing in this photo is not vintage, but a recent 
production. It was designed and produced by a fellow lover of 
Teletype equipment by the name of Jordan Spencer Cunningham. 
| enjoy wearing it to events, where it has sparked several very 
interesting conversations. 


A beautiful thing about the vintage radio and computing community 
is that these are hobbies of passion, not profit, so people do cool stuff 
just to share it. Jordan made this run of Teletype logo T-shirts and polo 
shirts some years ago by digitizing the Teletype logo and sending the 
image off to be screen printed or stitched. 


making of 


W: started this project at the beginning of 2024. All photographs were taken 
during five sessions in January and February. No staging, no dedicated 
light setup, just The Basement in its pure form. The hardware was shot on Kodak 
TMax 400 at the box speed using a trusty Hasselblad 503CX medium format 
camera with a Zeiss Planar T* 80mm F/2.8 CFE lens. The film was then developed 
by hand in Ilford Ilfotec DD-X at the standard dilution and time. 


The portraits of Ethan were shot handheld in the same low-light setup, using two 
film stocks. First, Ilford Delta 3200 was pushed to ISO 6400 and then some. 
These shots (plates 00, 04, 08 and 10) were taken using the Zeiss Ikon Mess- 
Ikonta 524/16 rangefinder that comes with a Novar Prontor-SV 4.5/75mm lens. 
The camera, featured in plate 23, is over 70 years old and remains as strong 
as ever! The push development was again done in DD-X. The second set of 
portraits (plates 15 and 22) was shot on Russian aerial surveillance film. The film, 
sold as Santa Rae 1000 (with all proceeds donated to Ukrainian families in need), 
is probably ISO 800 and was pushed to the limits with the Hasselblad. It was 
semi-stand developed for two hours in Rodinal at a quite unusual dilution of 1+35. 
Unfortunately, the film had light leaks, probably due to incorrect packaging (the 
joy of using an exotic stock). Needless to say, only a few pictures survived, and in 
plate 22 a light-leak creates an “artistic” effect adding to Ethan's character. 


After development, the negatives were scanned at high resolution using an Epson 
Perfection V850 Pro flatbed scanner and SilverFast Ai Studio 9 suite. The 16-bit 
TIFF images were digitally post-processed to eliminate dust, adjust contrast, 
and do local dodging and burning as needed. These steps were no different 
from common and basic processing done in traditional darkroom printing. The 
only exception is plate 08, where a small but distracting lightbulb was digitally 
retouched. While a similar level of retouching could be achieved in a darkroom, 
it requires significant effort and experience. The final high resolution images that 
we used in this zine can be viewed at https://photo.jzola.org/Film/The-Basement/. 


Jarek at work composing 
a frame for the picture 
that will become plate 14. 
This sneaky shot was 
taken by Ethan with his 
phone camera. Asked 
about the picture, Ethan 
commented: 

“| love it, because it really 
does capture the process. 
| hate it, because it shows 
people exactly how bad 
the situation is in my 
basement.” 


We decided to typeset this zine with a nod to the old DEC PDP-11 handbooks 
(see plate 27) and gorgeous Teletype fonts. After some research, we determined 
that the original Bauhaus-inspired DEC font is available only as a low-quality 
digitization. Undeterred, we vectorized selected glyphs from scanned DEC 
handbooks and in this way were able to create the cover title. To typeset the 
remaining titles, we decided to license and use the Bauhaus Bugler font. This font 
is a modern take by Monotype on Bauhaus. While not exactly the same as DEC's 
interpretation, and perhaps a little too round here and there, we feel it is close 
enough to convey the spirit of the handbooks. For the main text we used Avenir, 
a geometric sans-serif typeface that, although designed in the late ‘80s, keeps 
nicely with the aesthetics of the PDP-11 era. Finally, to celebrate the Teletype 
legacy, we incorporated the TTY35TDlc font from the excellent Teletypewriter- 
fonts project (https://github.com/rand-projects/teletypewriter-fonts/), primarily 
for the plate titles. 
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